The main advantage of using fuzzy controller for a hard nonlinear system, for instance solar cell, is the reduction of effect of uncertainty in system control. In this paper, this prominent quality has been tried to represent more with comparing fuzzy and PID controllers. Although PID controller is a linear controller but it can control many nonlinear and industrial systems with a much better performance. Howbeit it has less robustness against uncertainty. We have indicated that if an uncertainty for example a noise or a changing in the parameter of system, enters during the operation of system, fuzzy controller will decrease the effect of it better than PID controller.
Introduction
Utilizing solar cells provides many advantages including no fuel cost, no pollution, and no need for maintenance equipment. According to a nonlinear voltage-power characteristic solar cell, Output power of solar cell is nonlinear and time varying Depending on environmental conditions such as light intensity and temperature which it will be changed. So every minute maximum power point (MPP) is needed to be traced. There are many innovative methods, and all of them use this fact that the powervoltage curve slope has a value of zero in the maximum point. In a generalized classification, these methods can be divided into four main categories: Control Algorithm [1] [2] , Control Variable [3] [4] [5] [6] , Math-based Methods [7] [8] and Intelligent Control [9] [10] [11] [12] [13] .
its desirable speed and precision. This method gives desirable answers even with limited changes in system parameters [9] [10] [11] .
If light intensity and temperature don't change, the MPP will occur in a constant voltage. With modifying level of voltage to this constant voltage will be tracked MPP. But if environmental conditions change with time, voltage in MPP will change too. In this case for a better performance, a more complicated controller is required which its parameters with changing atmospheric conditions changes [12] .
A Boost converter usually is used for modifying levels of voltage. Boost converters have a MOSFET that receives control signal from controller and then the same of a switch, it becomes on or off. Proper levels of voltage will be produced and finally maximum power from output of PVA is received.
Boost converter
A proposed maximum power point tracking (MPPT) scheme obtained by varying the duty ratio for DC/DC boost converter has been successfully [14] [15] . The Boost converters are widely used in PV generator as an interface between the PV panel and the load, allowing the follow-up of the MPP. Fig.1 indicates boost converter with a PWM comparator. The PWM comparator is used to compare the command voltage from control signal with a saw tooth signal in order to obtain the PWM control signal in the gate of the MOSFET transistor. An R Mpp resides in the MPP point, which shows that the output resistance of photovoltaic occurs in the point of maximum power. R Mpp has a small value, and a boost converter is employed in order to obtain maximum system performance. The boost converter can alter input resistances larger to equal R Mpp , and due to the fact that photovoltaic resistance is higher than R Mpp resistance in high radiations (near 1000 W/m 2 ), and considering that during day time tracking photovoltaic resistance is usually higher than R Mpp resistance, therefore the boost converter is used more often for tracking purposes.
Characteristics of controllers
The non-linear nature of solar cell system requires a kind of controller which not only at the constant temperature conditions and irradiation based on what the controller is designed, works appropriately
but also has an acceptable function at the variable temperature conditions as well as the irradiation close to design conditions.
Fuzzy logic control
Fuzzy logic controller (FLC) is made of fuzzification, knowledge and inference unit and defuzzification are indicated in Fig.2 . The fuzzy control requires that variable used in describing the control rules should be expressed in terms of fuzzy set notations with linguistic labels. The rule base that affiliates the fuzzy output to the fuzzy inputs is derived by understanding the system behavior. After the rules have been evaluated, the last step to complete the fuzzy control algorithm is to calculate the crisp output of the fuzzy control with the process of defuzzification. The implementation of the fuzzy controller in term of type1 fuzzy sets has two input variables; the error e(t) and the error variation Δe(t), In MPP: 
PID controller
After the parameters of PID controller were tuned by Ziegler-Nichols method, it can be applied to the solar cell system. In this method first, the gain of a under control system is being increased so that the response of the system starts to fluctuate. The system in this situation has been placed on the border between stability and instability. Then in this state, the values of the gain and the frequency of fluctuations are measured. These two values are called respectively K u and T u . Finally when three parameters of PID controller were calculated by using Table 1 , K f and f f , the designed controller is applied to photovoltaic in order to receive maximum power. 
Simulation
At first, both of fuzzy and PID controllers are applied to a photovoltaic system without any imported noise in perimeter of simulink of MATLAB software. We supposed that temperature is 25 o C and irradiance is 400W/m 2 . According to Fig.3 , the output power of photovoltaic with each of controllers tracks MPP identically. But when the noise occurs to photovoltaic system, response of the system for each of them differs. According to figure 4, in the simulation, the noise has been imported in feedback way Because most of the noises occur to systems at the time of measuring. Assume an expected noise is imported to system. Equation (3) shows intensity of this noise:
Because most signals have very wide dynamic range, SNR is usually expressed in terms of the logarithmic decibel scale, SNR (db):
We insert the noise with the same power to each of them. In this state SNR for PID controller is 26 decibel and for fuzzy controller is 45 decibel. As it is seen in Fig.5 , at the presence of noise, the mean value of the tracked output power by using fuzzy controller is more than PID controller, because fuzzy controller can decrease the effects of uncertainty. Response of systems by using fuzzy method is desirable even with limited changes in system parameters. But using of classic methods caused to wide error in this situation. For instance, if changing of irradiance is the same Fig.6 , the output power of photovoltaic in two control state will be according to Fig.7 and Fig.8 . But if the system parameters changes are extended (e.g. extensive changes in radiation or ambient temperature or load, in a short period), fuzzy method can't work suitable, and tracking the point of maximum power will be followed severe errors. So we need W i t h F u z z y C o n t r o l l e r W i t h P I D C o n t r o l l e r complicate controller that its parameters are changed proportional to changing at parameters of system (adaptive control) [12] , [ 17] . 
Conclusion
Fuzzy controller controls the system under control on-line. Classic controllers such as PID, are designed based on a mathematical model of the system and purposes of control, so they have less Immunity in facing the noise. Entrance of the noise to the system is inevitable if even all of the principles of a design are considered. It is too important to have a controller that is robust in facing the noise. Also when the parameter of a system (for example radiation in system of photovoltaic) is changed, MPPT can be difficult with PID controllers. Thus having a controller with a high flexibility is very important. If these variations are limited, fuzzy controller will be better choice than PID controller. 
